Effects of fetal sire on postpartum reproductive changes of the dam were studied in 21 Holstein heifers whose pregnancy had been initiated by either Angus (n = 7), Holstein (n = 7) or Brahman (n = 7) bulls. After parturition, all heifers were managed uniformly. Heifers in each service-sire-breed group were bled via jugular venipuncture thrice weekly from d 160 to 265 of pregnancy, daily thereafter until 15 d postpartum, and three times per week until d 60 postpartum. Ability of heifers to release prolactin (PRL) and luteinizing hormone (LH) was evaluated on d 10 postpartum after a simultaneous injection of thyrotropin releasing hormone (TRH; 100 ~ug) and gonadotropin releasing hormone (GnRH; 100 gg). Between d 5 and 60 postpartum, the reproductive tract of each heifer was examined rectally thrice weekly after collection of blood samples. Basal concentrations of LH from d 1 to 10 postpartum, as well as ability of the pituitary gland to release LH and PRL after the GnRH-TRH challenge, did not differ between service-sire-breed groups (P>.I). Means and profiles of progesterone concentrations during the first 60 d postpartum did not differ between service-sire-breed groups (P>.I). However, increases in progesterone concentrations following the GnRH-TRH challenge were synchronized more precisely in Angus (P<.02) than in Holstein-and Brahman-service-sire groups. Daily rates of reduction in cervical and uterine horn diameters were higher (P<.O1) in Holstein-and Brahman-than in Angus-service-sire groups and were associated with higher profiles of postpartum 15-keto-13,14-dihydro-prostaglandin F2~(PGFM ) concentrations. Within-cow PGFM concentrations were correlated positively with cervical (r = .36) and uterine horn (r = .32) diameters. Postpartum ovarian responsiveness and uterine involution in Holstein heifers may be affected by genotype of the conceptus they bore during pregnancy.
Introduction
Reestablishment of a functional hypothalamo-pituitary-ovarian axis, ovarian follicular growth (Stevenson and Britt, 1980) and uterine involution (Gier and Marion, 1968) are processes involved in restoration of postpartum reproductive efficiency in cattle. The complex series of hormonal changes characterizing the periparturient period in cattle may influence the processes leading to resumption of postpartum reproductive function (Thatcher et al., 1980; Eley et al., 1981b) . Previous results (Guilbault et aL, 1985) indicated that genotype of the conceptus altered the endocrine balance of Holstein heifers during the periparturient period. Therefore, the objectives of this experiment were to evaluate the potential carry-over effects of conceptus-induced changes of the maternal unit on postpartum reproductive performance of Holstein heifers bred to either Holstein, Brahman or Angus bulls.
Materials and Methods
Design. Animals used, experimental design and bleeding schedule have been presented (Guilbault et al., 1985) . Briefly, 21 virgin Holstein heifers were assigned to three servicesire-breed groups in which heifers were ini516 JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 6, 1985 seminated artificially to either purebred Holstein (n --7), Brahman (n = 7), or Angus bulls (n = 7). To avoid confounding of sire-of-fetus and sire-of-heifer effects, heifers were assigned to each service-sire-breed group such that sires of heifers (four sires) were given equal representation in each service-sire-breed group. Within each service-sire-breed group, semen from four different bulls was used. With this experimental design, measurements of maternal responses provided a sensitive estimate of conceptus genotype effects due primarily to breed of the service sire.
Heifers were 13 to 17 mo of age (14.4 + .6 mo; mean + SE) at the time of breeding. Weight of heifers (24 h after parturition) did not differ between service-sire-breed groups (P>.I) and averaged 424 -+ 41 kg. Cows were milked twice daily for 250 + 21 d following parturition. Calf birth weight was lower in Angus-than Holstein-or Brahman-service-sire groups (P<.05 ; Guilbault et al., 1985) .
Blood samples were collected from d -160 prepartum to d 60 postpartum and plasma was obtained by centrifugation. Concentrations of progesterone, estrone, estradiol and estrone sulfate from d -21 prepartum until parturition (d O) and of 15-keto-13,14-dihydro-prostaglandin F2~ (PGFM) from d -2 prepartum to d 15 postpartum have been reported (Guilbault et al., 1985) .
Rectal Palpation. The reproductive tract of each cow was examined rectally, thrice weekly, from d 5 to 60 postpartum. Examination was performed immediately after blood samples were collected. Measurements made on reproductive organs by palpation were cervical diameter and diameter of each uterine horn (previously gravid and nongravid horn) at the external bifurcation (Lewis et al., 1984 Pituitary Responsiveness. To evaluate the pituitary's ability to secrete protactin (PRL) and luteinizing hormone (LH) in Holstein heifers bred to genetically different service sires, simultaneous injections of thyrotropin releasing hormone 6 (TRH) and gonadotropin releasing hormone 6 (GnRH) were administered to each animal on d 10 postpartum. On the day prior to injection, an indwelling polyvinyl catheter 7 (.86 mm id x 1.52 mm od) was inserted into a jugular vein. Two milligrams of TRH were dissolved in 40 ml of sterile .9% NaC1 to give a concentration of 100/ag/2 ml. A comparable solution was prepared with GnRH. Two milliliters of each solution were pooled, and 4 ml of a mixed solution of GnRH and TRH (GnRH-TRH) were injected into the jugular catheter. Following injection, the catheter was flushed with 5 ml of heparinized saline (40 IU/ml).
During the 1 h preceding the iv injection of GnRH-TRH, blood samples (5 ml) were collected into heparinized syringes at 20-min intervals. Blood samples were withdrawn at 2, 5, 10, 20, 30, 40, 60, 70 , 80 and 90 min postinjection followed by 30-min sampling intervals until 6 h postinjection. Upon collection, samples were transferred into heparinized tubes (100 IU/tube) and placed immediately into an ice bath. Plasma was obtained by centrifugation (5,000 • at 4 C and stored at -20 C until assayed for LH and PRL concentrations.
Assay Procedures. Progesterone concentrations were measured by radioimmunoassay (RIA) procedures in plasma samples collected between parturition (d 0) and d 60 postpartum as described previously (Guilbault et al., 1985) . Samples were assayed in duplicate by extracting 100 and 200/~1 of plasma for determination of postpartum concentrations of progesterone. Postpartum samples were analyzed in two large assays. Twelve repeated measurements of a reference sample (5,550 + 135 pg/ml; mean + SE) resulted in intra-and interassay coefficients of variation of 8.4 and 7.9%, respectively.
Plasma concentrations of LH were measured following slight modifications of the double antibody RIA procedure described by Niswender et al. (1969) . Rabbit antibovine LH a
(1:140,000, final assay dilution 9), serum antirabbit-guinea pig gamma globulin-SARGPGG 1~ and approximately 50,000 cpm [12si] LH were utilized. Standard curves were replicated in triplicate utilizing standard LH 11 in amounts of .06, .12, .25, .50, 1.00, 2.50 and 5.00 ng/tube. Prior to addition, the second antibody was diluted 1:75 in a solution 12 containing 6% (w/v) polyethylene glycol-6000. Additions of [12SI]LH and of the second antibody solution were preceded each by a 24-h incubation at 4C. After addition of the second antibody solution, tubes were incubated for 15 rain at room temperature. Different volumes (25~ 50, 100,200 and 500#1) of a highly concentrated plasma sample (LH = 22 ng/ml) were assayed and the resulting inhibition curve was parallel to the standard inhibition curve (homogeneity of regression, P> .1). Masses of .25, .5, 1, 2, 4, 6, 8, 10 and 12 ng were added to 1 ml of cow plasma. Mass recovered (Y) was described by a linear regression (~ = .26 + 1.03X; R 2 = .99). Determinations of basal LH concentrations of samples collected between d 1 and 10 postpart um were made in duplicate with plasma volumes of 200 and 300 #1. Determination of LH response to GnRH-TRH challenge was measured in triplicate utilizing plasma volumes of 100,200 and 300 #1. The intra-and interassay coefficients of variation were 16.7 and 19.7% for a plasma sample from an ovariectomized cow (X --.76 ng/ml) and 6.9 and 9.3% for a sample of ovariectomized cow plasma containing 2 ng/ml of standard LH (X = 2.77 ng/ml).
Determination of PRL response to GnRH-TRH challenge was measured by the double antibody RIA procedure described by Eley et al. (1981a) , utilizing plasma volumes of 100, 200 and 300 /~1. Intra-and interassay coefficients of variation were 7.7 and 8.5%, respectively.
Statistical Analysis. Least-squares analyses of variance of postpartum hormonal responses and of measurements of cervical and uterine horn diameters were conducted utilizing the General Linear Models procedure of the Statistical Analysis System (SAS, 1979) . Experimental design was a split-split-plot in which service sires were nested in breed (of service sire), and heifers were nested in service sire and in breed. Repeated measurements over time were taken in heifers, and time (d or min) was considered a continuous, independent variable. Each response was characterized by a time trend that was 12 Normal rabbit serum 1:400 EDTA buffer (18.6 g of EDTA in 11 of phosphate buffer -.8% NaCl).
analyzed by polynomial regression. Tests of homogeneity of regression and orthogonal contrasts of response curves for service-sirebreed groups were performed as described previously (Guilbault et al., 1985) . In addition, timing and duration of the first rise in progesterone concentrations (>1 ng/ml) in response to a GnRH-TRH injection administered on d 10 postpartum, were analyzed individually for each heifer within service-sire-breed group.
Palpable changes in diameters of previously gravid and nongravid uterine horns were analyzed according to methods described by Lewis et al. (1984) . Sources of variation included in the mathematical model are given in table 1. In addition, for each service-sire-breed group, first derivatives of polynomial equations that described day trends of cervical and uterine horn diameters were calculated to obtain estimates of their daily rate of reduction in size.
A caesarian section was performed on one heifer assigned to the Brahman-service-sire group. This heifer was not palpated postpartum. Clinical difficulties during parturition or the postpartum period occurred at a similar frequency (Guilbault et al., 1985) in each servicesire-breed group (e.g., Holstein = 3/7; Brahman = 3/7; Angus = 3/7). Thus, differences observed in rates of cervical and uterine involution were interpreted as being due to breed of the service sire and not to clinical difficulties.
Results
Least-squares means of plasma concentrations of LH did not differ among service-sire-breed groups during the first 10 d postpartum (P>.l; tables 1 and 2). Likewise, there was no evidence that increases in LH concentrations from d 1 to 10 postpartum were different among servicesire-breed groups (P>.l; table 3). Average concentrations of LH were .13 ng/ml on d 1 and increased to .40 ng/ml on d 10 postpartum (P<.01).
Overall mean concentrations of LH and PRL measured in plasma samples collected before or after a GnRH-TRH injection were not different among service-sire-breed groups (P>.I; tables 1 and 2). Similarly, response curves of plasma LH and PRL concentrations after GnRH-TRH injection did not differ among service-sire-breed groups (P>.I; table 3). Mean concentrations of LH were .73 ng/ml at the time of injection and at 60 rain postinjection, peak values of 4.30 ng/ml were obtained (figure 1). Likewise mean aLH = luteinizing hormone, GnRH = gonadotropin releasing hormone, TRH = thyrotropin releasing hormone, PRL = prolactin. bSE = standard error of the mean; values were approximate, conservative and similar for each group. They were based on cow and error variances only because service-sire estimates were negative.
c'dvalues in a row with different superscripts differ (P<.05).
epreviously gravid uterine horn.
PRL concentrations were 6.9 ng/ml at the time of the GnRH-TRH injection and peak values of 40 ng/ml were obtained within 10 to 20 rain after the injection. Within each service-sire-breed group, season during which cows received the GnRH-TRH challenge influenced the PRL response (P<.01). Mean concentrations of PRL pre-and postinjection as well as peak concentrations of PRL were higher in summer (P<.01) than in winter (table 4) .
For each heifer, timing and duration of the first rise in plasma progesterone concentrations after a GnRH-TRH injection, administered on d 10 postpartum, are presented in table 5. There were no detectable differences among servicesire-breed groups in mean timing or duration of the first progesterone rise (P>.I; table 5). However, the first increase in progesterone concentration was better synchronized (smaller standard error of the mean) in the Angusservice-sire group. Indeed, all heifers in the Angus-service-sire group (7/7) had a rise in progesterone within 9 d following a GnRH-TRH injection in comparison to five of seven (5/7) and only two of seven (2/7) heifers in the Holstein-and Brahman-service-sire groups, respectively (X 2 = 8.15, P<.02; table 5). However, in spite of these early changes in progesterone responses to the GnRH-TRH challenge, no differences among service-sire-breed groups in mean progesterone concentrations during the overall 60-d postpartum period could be detected (table 2) .
Mean cervical diameter during the first 60 d postpartum was 41.0 mm in the Angus-servicesire group and was lower (P<.05 ; table 2) than in the Holstein-and the Brahman-service-sire groups (45.9 and 46.0 mrn, respectively; SE = -+ 1.6). Although mean diameter of the previously gravid uterine horn tended to differ in the same direction as cervical diameter, this was not significant (table 1) . Day trends of changes in cervical and in mean uterine horn (previously gravid + nongravid horn diameter divided by 2) diameters are illustrated in figures 2 and 3 (top panels). Both cervical and mean uterine horn diameters decreased postpartum, but they were consistently smaller in Angus-(P<.01; tables 3 and 6) than Holstein-or Brahman-service-sire groups until d 32 postpartum, when they became similar. These changes reflected different daily rates of reduction in cervical and mean uterine horn diameters among servicesire-breed groups during the early postpartum period. Indeed, until d 32 postpartum, estimates of daily rates of reduction in cervical and in mean uterine horn diameters were approximately 20 to 30% lower in the Angus-than in the average of the Holstein-and Brahmanservice-sire groups (figures 2 and 3; bottom panels). By d 32, sizes of the cervix and of the uterus did not reduce further in any group. On a within-cow basis, positive (P< .01) correlations were detected between postpartum PGFM concentration (Guilbault et al., 1985) and cervical diameter (r --.36) and uterine horn diameter (r = .32).
Discussion
Low concentrations of LH measured on the day after parturition and their gradual increases thereafter agreed with previous observations in dairy cows (Echternkamp and Hansel, 1973; Schams et al., 1978; Webb et al., 1980; Eley et al., 198 lb) . High concentrations of progesterone and estrogens prepartum have been proposed as a possible cause of reduced LH secretion from the pituitary gland in the early postpartum period (Azzazi et al., 1983) . Present results suggest that early postpartum mechanisms of restoration of pituitary function, as assessed by measurements of basal plasma LH concentrations and by LH and PRL responses to a GnRH-TRH challenge given on d 10 postpartum, were not altered in spite of appreciable changes in prepartum steroidal profiles between service-sire-breed groups (Guilbault et al., 1985) . Using a similar approach, Eley et al. (1981b) detected differences in the ability of the pituitary gland to secrete PRL, but not in its ability to secrete LH postpartum, in two groups of Jersey cows that showed significant hormonal alterations prepartum. In the present experiment, effects of season on basal and peak concentrations of PRL following a GnRH-TRH challenge closely agreed with results of Peters et al. (1981) and Koprowski and Tucker (1973) .
Injection of GnRH in postpartum cows was followed by an increase in plasma concentrations of progesterone due to formation of a corpus luteum or luteinized follicles (Britt et al., 1974; Kesler et al., 1978; Eley et al., 1981b) . Timing of the increases in plasma progesterone concentrations, following a GnRH-TRH injection, was synchronized more precisely in the Angus-service-sire group than Holstein-or Brahman-service-sire groups. Eley et al. (1981b) provided evidence that postpartum ovarian responsiveness to a GnRH-TRH challenge may differ between two genetic groups of Jersey cows selected for milk yield that exhibited different endocrine profiles prepartum and postpartum. In the present experiment, differences in ovarian responsiveness cannot be explained clearly. However, variations in prepartum steroidal profiles, lower postpartum concentrations of PGFM and an easier delivery of calves (Guilbauh et al., 1985) may all be factors that collectively contribute to the tendency for a more uniform progesterone response in the Angus-service-sire group. Such factors may affect ovarian responsiveness to a GnRH-TRH injection by altering ovarian follicular growth and maturity as suggested by Kesler et al. (1978) .
Postpartum changes in cervical and uterine horn diameters were correlated closely in the present experiment (r = .82) and agreed with the observations of Fonseca et al. (1983) .
Average days to complete cervical and uterine involution were 30 to 32, respectively. This agreed with Lewis et al. (1984) , and was within the range of intervals from parturition to complete uterine involution presented in a review by Kiracofe (1980) . Although days to cervical and uterine involution did not differ between servicesire-breed groups, the absolute size and daily rate of reduction in both cervical and uterine horn diameters were appreciably higher in Holstein-and Brahman-service-sire groups than in the Angus-service-sire group. Calf birth account for the faster rate of uterine involution observed in the Holstein-and Brahman-servicesire groups.
A higher magnitude of postpartum PGFM concentrations (Lewis et al., 1984) and a longer duration of PGFM release postpartum (Lindell et al., 1982; Madej et al., 1984) have been related to a faster involution of the uterus. In the present experiment, appreciably higher profiles of postpartum PGFM concentrations in Brahman-and Holstein-service-sire groups (Guilbault et al., 1985) also were associated with faster rates of uterine involution. Collectively, these results suggest that higher production of PGF2 a by the uterus as assessed by higher PGFM concentrations postpartum (Guilbault et al., 1984a,b) 
weight was larger in Holstein-and Brahmanthan Angus-service-sire groups (Guilbault et al., 1985) . Wray (1982) suggested that a greater degree of uterine distension (in response to larger calf birth weight in Holstein-and Brahman-service-sire groups) may be related to faster rates of uterine involution early postpartum. However, Lewis et al., (1984) reported a faster uterine involution, in a group of cows that delivered smaller calves. Thus, factors other than uterine distension associated with calf birth weight, may affect rates of cervical and uterine involution. Suckling (Lauderdale et al., 1968; Riesen et al., 1968) and injection with GnRH (Britt et al., 1974; Fernandes et al., 1978) hastened these processes in cattle, but in the present study neither of these stimuli can mechanisms by which PGF2a alter uterine involution remain unknown. However, implications of this product (and PGE2) on the acceleration of muscle protein turnover in various physiological and pathological states (Rodemann et al., 1982) , as well as its stimulatory effect on smooth muscle contraction (Lindell et al., 1982) , may be likely possibilities.
Studies of large herd data sets indicated that the fetal sire accounts for a portion of the variability in milk production and days open of the dams (Adkinson et al., 1977; Thatcher et al., 1980; Hayes et al., 1984) . Results of the present experiment provide additional support to the concept that prepartum bovine conceptus and maternal interactions induce periparturient endocrine changes of the maternal unit that may influence postpartum reproductive performances. Such carry-over effects into the postpartum period appear to be localized mainly at the ovarian and uterine level. However, possible carry-over effects on lipid metabolism, lactation and pituitary function need to be examined in more detail.
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